Generation and characterization of Dyt1 DeltaGAG knock-in mouse as a model for early-onset dystonia.
A trinucleotide deletion of GAG in the DYT1 gene that encodes torsinA protein is implicated in the neurological movement disorder of Oppenheim's early-onset dystonia. The mutation removes a glutamic acid in the carboxy region of torsinA, a member of the Clp protease/heat shock protein family. The function of torsinA and the role of the mutation in causing dystonia are largely unknown. To gain insight into these unknowns, we made a gene-targeted mouse model of Dyt1 DeltaGAG to mimic the mutation found in DYT1 dystonic patients. The mutated heterozygous mice had deficient performance on the beam-walking test, a measure of fine motor coordination and balance. In addition, they exhibited hyperactivity in the open-field test. Mutant mice also showed a gait abnormality of increased overlap. Mice at 3 months of age did not display deficits in beam-walking and gait, while 6-month mutant mice did, indicating an age factor in phenotypic expression as well. While striatal dopamine and 4-dihydroxyphenylacetic acid (DOPAC) levels in Dyt1 DeltaGAG mice were similar to that of wild-type mice, a 27% decrease in 4-hydroxy, 3-methoxyphenacetic acid (homovanillic acid) was detected in mutant mice. Dyt1 DeltaGAG tissues also have ubiquitin- and torsinA-containing aggregates in neurons of the pontine nuclei. A sex difference was noticed in the mutant mice with female mutant mice exhibiting fewer alterations in behavioral, neurochemical, and cellular changes. Our results show that knocking in a Dyt1 DeltaGAG allele in mouse alters their motor behavior and recapitulates the production of protein aggregates that are seen in dystonic patients. Our data further support alterations in the dopaminergic system as a part of dystonia's neuropathology.